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A model representing the economic interactions within and between 
regions is described which, unlike many other models concerned with 
aspects of global development, includes endogenous treatment of internal 
income distribution and international trade.’ Following earlier analytic 
work, a preliminary calibration of the model is carried out and simulation 
experiments performed with it. Results are presented to illustrate the 
internal and external effects of trade, changes in technology and capital 
accumulation. It is suggested that some results from orthodox theory 
concerning, for example, the benefits of trade or of capital accumulation, 
are dependent on unstated assumptions which may hold only under 
certain economic and technical conditions. 
Introduction 
Current models of the world economy have a number of 
major limitations in dealing with questions of international 
economic growth and distribution (see, in particular, Cole2 
and Clark and Cole3). First, they either entirely exclude 
questions of income distribution within countries (and 
implicitly assume a Continuation of present tendencies) or, 
as in the Bariloche Latin American model, assume per- 
fectly egalitarian distribution. Second, current models in 
the main do not deal with the operation of domestic and 
international markets (for example, they treat wages, rates 
of profit and prices as exogenous). Third, these models 
provide an oversimplified account of the variables describ- 
ing technical change (to which the results of the models are 
extremely sensitive). Finally, they do not take sufficient 
account of social and political factors which are important 
in the scenarios explored using the models. 
In this paper, some preliminary results of an attempt to 
model the interactions between technology, trade, income 
distribution and the development of Northern and Southern 
economies are described.* The model described here was 
originally specified by Chichilniskyl with the primary 
objective of providing a framework for identifying choices 
of technology and trading strategies which appear con- 
ducive to an improvement in the level of satisfaction of 
basic human needs. Here we describe the solution, cali- 
bration and testing of some versions of the model. For ease 
of reading, the current paper has been made as self-con- 
tained as possible. 
Applications of the model in this paper focus on the 
factors affecting the living standards of the lower income 
groups and, in particular, those developments which appear 
to lead to an increase in their consumption of basic con- 
sumer goods. Different versions of the model will be used 
* ‘Towards a Model of Technology for Basic Needs’, a project 
sponsored by the UNITAR Project on the Future. In addition to 
macro-economic modelling, the project involves the use of 
scenario analysis and micro-level studies. An overview of the 
project, describing the relationship between these activities is 
presented in Cole and Chichllnisky.4 The authors are grateful to 
Graciela Chichilnisky for helpful comments on the current paper. 
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to illustrate different aspects of this question. It is hoped, 
however, that the paper will not only be of interest for the 
results presented, but also that the techniques used and 
problems encountered in the calibration and analysis will 
be of use to others carrying out related work. At this stage 
we are chiefly concerned with the development of an 
appropriate framework for analysing the issues under 
examination. 
The main characteristic features of the model, prompted 
by the focus on technology, trade and basic needs satis- 
faction, are described below. The equations used are 
presented in detail in the next section. 
Two regions or groups of countries (the ‘North’ and 
the ‘South’) are considered. The populations of the North 
and South are treated as comprising two groups, respec- 
tively denoted as ‘skilled’ and ‘unskilled’. This distinction 
is used for two reasons. First, the factor supply situation, 
particularly in developing countries, is often marked by an 
abundance of unskilled labour and a shortage of skilled 
labour. Hence, availability of the latter factor often forms 
a constraint on progress which would be missed if the 
separation between labour types was not made. Second, 
the distinction permits a simple representation of income 
distribution; the unskilled group receive lower incomes 
and it is their welfare which is the main indicator of 
whether the basic needs of the population as a whole are 
satisfied. 
Three types of goods are produced as outputs in each 
region; basic goods, non-basic (or luxury) goods and 
capital goods. Basic goods, an adequate supply of which 
is assumed to be required for the satisfaction of basic 
needs, comprise the bulk of the consumption basket of the 
unskilled group, while luxury goods form the larger part of 
the consumption of the skilled group. The level of con- 
sumption of each group is subject to a budget constraint. 
Trade takes place between the two economies in each 
of the three goods. We are interested in examining the 
interaction between an economy with strongly dual 
characteristics (e.g. very heterogeneous ystem of produc- 
tion between the economic sectors, an inegalitarian income 
distribution and very abundant supply of unskilled labour) 
and an industrialized economy (i.e. homogeneity in the 
production system, relatively better income distribution 
and a less elastic labour supply). It is considered that a 
strong relationship may exist between the distributional 
tendencies within and between these economies; conse- 
quently their simultaneous adjustment and evolution is 
considered in the model. 
In each of the three following sections, the solution, 
method and results of a model based on the themes out- 
lined above is described. First, the model used to represent 
a single region with two income groups and two consumer 
goods is described. Second, a similar model, but with one 
income group and one consumer good in each of two 
regions interacting through trade, is discussed in both its 
static and dynamic forms. And third, the latter version of 
the model is amended to include both income groups and 
types of consumer goods. 
Model representing an isolated region 
Solution of model 
The equations used in the model are discussed in length 
in a sister paper.’ As pointed out there, the equations of 
the system are not all linearly independent, so that there 
is not a unique choice of equations to be used. The pro- 
cedure invoked in practice was as follows. 
The exogenously specified parameters are the nine 
technical coefficients (six labour/output ratios, representing 
skilled and unskilled labour requirements per unit output 
in each of the three sectors - basic, non-basic and capital 
goods; and three capital/output ratios), investment demand, 
the stock of capital, the available skilled and unskilled 
labour force, and labour supply and utility function para- 
meters (see below). In addition, a price numeraire (relative 
to which other prices and wages are measured) is selected; 
the price of basic goods is in this case set equal to unity. 
The model is programmed on a computer in a way that 
permits a simple solution by an iterative procedure. An 
initial estimate is made of the wages of the skilled and 
unskilled groups of workers (IV, and IV,); then, with the 
price numeraire, the price equations: 
PA =a,WL +blWN+clrP1 
PB =a,WL tb,WH tczrP1 
Pr =a3 W, t b, WH + c,rP1 
(1) 
enable the prices of non-basic and investment goods PA 
and PI, and the rate of profit r, to be calculated. The as, 
bs and cs are the constant technical coefficients. 
The simple representation chosen for supply of unskilled 
and skilled labour (Ls and HS) is that it is linear with 
respect to real wages: 
&WL LS =- 
PL 
HS - PWH 
(2) 
pH 
subject to Ls <i and HS <I?, i and g representing avail- 
labour. (Y and /3 are constants and P, and PH are the price 
indices of the purchases of the two groups. Each of these is 
a weighted sum of the prices of basic and non-basic goods, 
the weights being determined by the given fixed proportions 
of the two goods consumed by each group. For example, 
if the unskilled group consume b (fixed price) units of basic 
goods for each unit of non-basic goods: 
P, = 
PA t bP, 
l+b 
Similarly for the skilled group: 
PH = 
UP* t PB 
lta 
(3) 
where a units of non-basic goods are consumed by this 
group for each unit of basic goods. 
The next step in the calculation is to utilize the budget 
equations, which express the equivalence of consumption 
plus investment expenditure and total income for each 
group. For the unskilled group, for example: 
PAy t P,by tPIIf = WLL t rPILK 
where 12 and LK are the (exogenous) investment demands 
and capital endowments of this group, respectively, and y 
is their demand for non-basic goods. 
Similarly, for the skilled group: 
PA ax t Psx + PIIg = WHH + rPrHK (4) 
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are available for 1968.t Thus, using this data and an 
approximate ratio of manual to other workers in basic 
compared with all industriesf: a rough figure for the 
number of skilled and unskilled workers employed in 
producing basic goods can be obtained. 
The output of the capital goods sector is set equal to 
total investment for 19685 and that of the non-basic sector 
obtained by subtraction from GNP. In view of the lack of 
any obvious ready data distinguishing non-basic and 
capital sectors, remaining unskilled and skilled workers are 
distributed between these sectors pro rata according to their 
outputs. A figure for total capital stock is available and that 
in the basic sector as defined above can be estimated from 
available data.** Remaining capital is again allocated pro 
rata between non-basic and capital goods industries. 
With this data and assumptions the technical coefficients 
ai, bi, ci can be calculated; the aj and b,- are measured in 
workers per &lOOO output, the ci are dimensionless. 
On the consumption side, it is estimated from data that 
unskilled workers spend approximately two-thirds of their 
income on basic goods as here defined.* Consistency with 
the production side of the model is achieved if it is assumed 
that skilled workers spend about three-quarters of their 
income on non-basic goods. Finally, it is necessary to 
allocate capital stock and investment between the two 
groups. As no data in a form suitable for the model 
appeared to be available this is done in an arbitrary way; 
10% of investment and of capital stock is allocated to the 
low-income group. Again this is an important item of 
data for the model for which reliable estimates are not 
generally available. As explained elsewhere, the numerical 
results of the model will be affected by the somewhat 
arbitrary assumptions we are forced to make here. How- 
ever, the extent to which the results depend qualitatively 
on these assumptions can be tested by sensitivity analysis. 
For Brazil the allocation of skilled and unskilled workers 
is based on the data of Taylor et al. 5 (in turn extracted 
from Varga@ and Fishlow6*’ and others) and is made on 
the basis of income. ‘Superior educated’ workers, ‘em- 
ployers’ (excluding those operating in the arable sector) 
and ‘proprietors’ (excluding those in agriculture, commerce 
and services) form the skilled group. The unskilled group 
includes other proprietors, family farm workers, share 
croppers, uneducated, primary and middle educated 
workers. Information regarding receipts from investment 
and levels of capital ownership are very difficult to obtain; 
even data showing the amount of earnings that firms 
retain is virtually non-existent. Thus, following Taylor 
et al. s we can only make the most general inferences about 
the distribution of profits. However, the numbers probably 
reflect the correct order of magnitude. 
The production sector for Brazil is based on the input- 
output table and national accounts given in Taylor et aZ. 5 
As far as possible there is an attempt in the rough cali- 
bration to obtain a correspondence between the aggregated 
consumption sectors for basic and non-basic goods. Basic 
goods are taken to comprise vegetable agriculture, clothing 
and services and components of animal agriculture, trans- 
port, wood and furniture and food. Levels of consumption 
The quantityy, and, correspondingly, the demand for 
basic goods by the high-income group (x) can thus be 
calculated. Then total supply of basic and non-basic goods 
is given by: 
BS=xtby 
AS =ax +y 
Similarly: 
IS =r:tr; 
is the supply of investment goods. Finally, demand and 
supply of the two types of labour are equated; for example, 
for low-income workers, labour demand is given by: 
LD = Asa, + Bsa2 t ISa3 
=Ls_awL 
PL 
Thus, a new value for the unskilled group wage WL (and 
similarly for WH) is found, which are resubstituted in the 
price equations and the procedure begins again. There is, 
of course, no guarantee of convergence but it has usually 
been possible to specify initial values for wages which are 
sufficiently close to the final equilibrium values for con- 
vergence to occur in a dozen or so iterations. 
Example of model calibration 
We have carried out preliminary calibrations of the 
model using data for the United Kingdom and Brazil, the 
latter being based largely on the data of Taylor et aZ. 5 
The purpose of the calibration is to achieve a qualitative 
representation of real economies in order to test the esti- 
mation and convergence procedures. 
The data and calibration procedure is first described for 
the United Kingdom. The first requirement is for a working 
definition of skilled and unskilled workers, and of basic, 
non-basic and capital goods. Deriving data on these latter 
categories is clearly not an easy task given current formula- 
tions of sectoral and national accounts and input-output 
tables. For an initial schematic calibration the distinctions 
between these categories are rather crude and ad hoc. 
High-income (skilled) workers are here defined as those 
comprising social classes I-III, and low-income workers as 
those in classes IV and V.* In 1966 these classes formed 
about 68% and 32% respectively of the total working 
populationj 
A base year of 1968 is chosen for the calibration corre- 
sponding to the date of a census of production and of 
input/output tables published for the United Kingdom. 
Where possible data for that year is used. Using the 
categories pecified in the Central Statistical Office publi- 
cation Annual Abstract of Statistics the following industries 
are chosen as the producers of basic goods: agriculture, 
forestry and fishing, textiles, construction, gas, electricity 
and water, education, and medical and denta1.S. Figures 
for total employment and net output of these industries 
* As defined in Social Trends, HMSO, London, 1973, p. 209. 
t Social Trends, 1973, p. 86. 
$ Clearly these industries also produce goods which would nor- 
mally be considered as ‘luxuries’, and other industries produce 
some ‘basic’ goods. As previously stated, our preferred definition 
of ‘basic goods’ refers to the consumption pattern of the poorest 
section of the community (say, the lowest quintile). The definition 
used here is adopted solely to permit an approximate, preliminary 
calibration for thepurposes of testing the model. 
‘f Annual Abstract of Statistics, 1972, p. 129; 1975, pp. 148, 
178-180, 319. 
$ Social Trends, 1973, p. 81. 
0 Input-Output Tables for the United Kingdom, Table 8. 
** AnnualAbstract of Statistics, 1975, p. 328. 
* Social Trends, 1971, Table 34. 
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of basic and non-basic goods and investment by the 
selected high- and low-income groups are also taken from 
Taylor et al. 5 (see also Lopesa and Baer and Kerstenetzky9). 
For both regions the values of (Y and /3, for which no 
reliable data exist, were chosen so that output values of 
wages, etc. were close to actual values. The two sets of 
data so obtained are based on different accounting units 
and hence are not consistent between themselves, although 
each is internally consistent. For this reason, and also 
because the United Kingdom and Brazil are not exclusive 
trading partners, it was anticipated that amendment would 
be required in versions of the model where the regions 
interact. For consistency between different versions of the 
model these modifications were adopted from the outset; 
the final basic data sets used are shown in Table 1. In par- 
ticular, the United Kingdom capital coefficients have been 
amended; so also have the utility function parameters, to 
give a more uniform definition of basic and luxury goods. 
As stated above, the data sets are simply intended to be 
representative; as can be seen, the ‘Brazil’ economy is less 
capital intensive, has a relatively low ratio of skilled to 
unskilled workers, and (as model output shows) has a less 
egalitarian income distribution. Also, the value of cr is 
much higher for the South, implying that many more 
unskilled workers come on to the market as wages rise. 
These features may be regarded as typical differences 
between many developing and many developed countries, 
and the main purpose of the model is to examine the 
qualitative effects of such differences. Clearly, for an 
analysis of specific countries, more accurate data are 
required. 
Experiments with model 
With the model calibrated as shown in Table I, the 
solution procedure yields the following results. The ratio 
of the wage incomes of the skilled and unskilled groups 
is approximately 20 in the South and 4 in the North; the 
wage of the low-income group in the latter region is 
about 9 times that of the corresponding group in the 
Table 1 
Technical coefficients North South 
Unskilled labour 
a1 
a2 
a3 
Skilled labour 
b, 
b, 
b, 
Capital 
c, 
c2 
c3 
Utility parameters 
a 
b 
Labour supply parameters 
01 
P 
Capital owned 
HK 
LK 
Investment 
P 
IL 
0.185 12.38 
0.306 15.27 
0.185 15.69 
0.448 0.237 
0.459 0.439 
0.448 0.303 
3.025 2.292 
3.448 1.134 
5.445 2.984 
3.0 
0.5 
1.68 
1.93 
23 872 647 442 
13 039 750 
121 050 2 685 
13450 268 
7 215 258 
802 26 
South. The ratio of skilled to unskilled employment is 
about 2 in the North, while in the South unskilled employ- 
ment is higher by a factor of about 40. Production in the 
North is primarily of non-basic goods, accounting for about 
three-fifths of the total; the remaining output is split about 
equally between basic and investment goods. In the South 
production of the latter goods is well below that of basic 
and of non-basic goods. The rate of profit is about 9% in 
the North and 13% in the South. These results provide a 
satisfactory description of the representative conomies 
and are used as a basis for the tests described below. 
Sensitivity of static single-region North and South 
models 
A number of qualitative effects are suggested by the model 
as applying to both regions. For example, a simple in- 
crease in the productivity of both types of labour in all 
sectors has the effect of reducing wages and employment 
and raising the rate of profit. Income differentials are 
reduced if the higher-income group becomes relatively 
more productive. Increases in capital stock in use raises 
wages and consumption and depresses profits. Population 
increases, represented by an increase in the labour supply 
parameters (Y and /3, cause a decline in wages and consump- 
tion. 
The effects of changing labour productivity derive from 
the assumption that capital stock in use is given exogen- 
ously; this forms a constraint on output, and hence if 
labour productivity is increased employment is necessarily 
reduced. Falling demand for labour means that wages are 
reduced relative to prices, so that profits increase. Increasing 
the capital stock, ceteris paribus, would similarly imply the 
converse; the extra capital requires more labour to operate 
it, leading to an increase in real wages and a fall in profits. 
Increasing the labour supply parameters, from equation 
(2), leads to a decline in real wages at given employment 
levels. 
Despite these qualitative similarities, there are some 
notable quantitative differences between the effects of these 
changes on the two regions. For example, in the South an 
increase in skilled-worker productivity dramatically increases 
profits while significantly reducing employment and basic 
goods production; in the North a similar increase in produc- 
tivity is accompanied by a much smaller increase in profits 
and very little change in production levels. Because per 
capita ownership of capital by the unskilled group is very 
low in the South, the decrease in the wage/profit ratio 
causes the members of this group to suffer a substantial 
overall loss of income and hence demand for basic goods 
falls off considerably. 
Investment and technical change 
To examine the interactions between the counteracting 
influences of increasing productivity, capital accumulation 
and population growth, a dynamic form of the model is 
used. Investment in each time step augments the capital 
stock available in the next, while productivity and popula- 
tion are subject to exogenous rates of change. It is assumed 
that investment is an increasing function of GNP and the 
rate of profit; this investment is net of depreciation and 
has the effect of increasing production rather than reducing 
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In this case investment is ‘excessively’ responsive to 
changes in the rate of profit and the familiar investment 
cycle is simulated. 
Domestic 
economy 
i 
International 
market 
Figure 7 Transfers of inputs and outputs to production system 
in domestic and international markets. f-1, goods; (- - -1, factors 
costs (by, for example, displacing labour).* The effects of 
the latter type of investment are simulated by appropriate 
changes in the technical coefficients. At each time step a 
new equilibrium is found by the iterative process, as before. 
The investment equation is: 
I= 
eG(4Q)” 
100 
where G is the Gross National Product, and 0, v and 10 
are constants. Thus at a ‘standard’ rate of profit ro, invest- 
ment is a percentage 0 of G, while v measures the elasticity 
of investment to deviations in r from the standard value 
(this representation is derived from that used in the SARU 
World Model.‘O). 
While runs with this dynamic version tend to confirm 
the effects observed in the static model, the relative influ- 
ence of the various factors is strongly data-dependent. 
For example, with labour productivity of both low- and 
high-income workers increasing at 2% per annum in all 
sectors, and with 0 = 10, r. = 0.1 and v = 0.5, markedly 
different paths are traced by the two economies for which 
the model is calibrated. In the South the rate of profit and 
hence the proportional rate of investment declines; in the 
North the rate of profit rises, leading to investment forming 
a higher proportion of GNP. GNP, wages and employment 
rise in both regions, but much more slowly in the North 
where, despite the relatively high level of investment, the 
higher capital intensity (lower capital productivity) gives 
rise to a smaller proportionate addition to output at each 
time step. 
The effect of including population growth (at 2% per 
annum for both groups) is a more rapid increase in GNP, 
total employment and the rate of profit than in the above 
runs, although per capita consumption and wages are 
reduced in the North; in this region the welfare-increasing 
effect of investment is outweighed by the welfare-reducing 
effects of increasing productivity and population growth. 
Figure 2 shows some results for this case. 
Experimentation with varying the elasticity v shows the 
possibility of cycles as the effects of increasing productivity 
and capital accumulation become predominant in turn. 
With v = 1.5, for example, the rate of profit oscillates with 
decreasing amplitude with a period of about six years. 
* The assumption that investment and productivity change are 
independent is used as a first approximation. Clearly a major 
factor in determining productivity increase is the rate of invest- 
ment in relatively efficient techniques. This relationship is con- 
sidered explicitly by Clark.” 
Trade 
The response of the two economies to the exogenous 
specification of plausible values of trade is very different. 
(Trade is incorporated by adding a value for net exports to 
the three supply equations (equations 5).) The South is 
chosen to export basic goods, and to import luxury and 
capital goods; the reverse pattern is used for the North. 
The static effect in the South is to reduce income differ- 
entials; consumption of unskilled labour rises while that 
of skilled workers falls, and the rate of profit is also 
reduced. In the North the consumption level of both 
groups falls slightly. In dynamic runs with labour produc- 
tivity and trade increasing, the results are qualitatively 
similar b the above no-trade runs. Table 2 gives a summary 
of the results. 
In some dynamic runs the terms of trade (i.e. the price 
obtained for exports compared with that of imports) 
fluctuates, sometimes improving and sometimes deterio- 
rating. This suggests that dynamic factors may have a 
strong influence on trends in terms of trade; for a discus- 
sion of this question in terms of a related static model see 
Chichilnisky’ and the following section. 
IlOT 
100 - 
a 
90- 
80- 
70- 
60- 
50- 
40- 
I 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16 
-IO/ Time I 
-20 
-J? f 
o 80-b 
Rate of proflt 
’ 
-lO- 
-2o- 
I I 
Figure 2 An example of output produced using the dynamic 
model. For each region productivity of both types of labour, and 
total population, is increasing at 2% per annum. Trade is exogen- 
ously set to zero. The vertical axes show the percentage changes 
in the variables over time from their initial values. (a), South; 
fb), North 
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As a means of gaining more insight into the behaviour 
of the model, some analytic work can be carried out on it, 
albeit in a rather restricted way. Below, it is assumed for 
simplicity that, in addition to capital, the number of 
skilled workers employed is fixed; in many developing 
countries where available skills form a major constraint 
on economic progress such an assumption is not unrealistic. 
Then, from the demand equations for capital and skilled 
workers: 
elimination of x gives: 
(LzCi +c&3-(fzbr tba)K-AT(brQ -b+r) 
+ Pa@, c2 - b2Cr) 
+ (1 tIT)a@,ca - bscr) 
t(ztP)(b2Ca-baC2) 
Y= 
(brc, - b2cr)(l - ab) 
i.e. an expression for a quantity of primary interest in our 
analysis, the measure of consumption of goods by low- 
income workers, in terms of the number of skilled workers, 
capital stock, technical coefficients, utility function para- 
meters and net exports AT, BT and PT. 
It can be seen immediately that, under the conditions 
given, an increase in exports of basic goods necessarily 
reduces y, since we assume, in the South, that a and b are 
both greater than unity. Increasing exports of luxury goods 
leads to an increase in y. Changes in the supply of available 
skilled workers and of capital have opposite effects; an 
increase in the former increases y if: 
blc2 - b2cl < 0 
i.e. 
b,>!? 
C2 Cl 
i.e. if the skilled labourlcapital ratio is higher in the basic 
goods sector than in the luxury goods sector. If this con- 
dition holds an increase in capital reducesy. 
These results can readily be interpreted. Under the 
assumption that capital in use and skilled workers employed 
are both given, output of each of the three goods becomes 
fixed; increased exports of basic goods means that fewer 
are available for domestic consumption. The second result 
derives from the fact that if the basic goods sector is rela- 
tively skilled-worker intensive, an addition to that labour 
force causes more capital to be devoted to this sector and 
hence higher output is obtained. 
These results contrast with those of the computer 
model as calibrated for the Southern region in which the 
employed skilled labour H is determined endogenously. 
There, for example, an increase in basic goods exports 
increases y, because the ‘direct’ reduction is more than 
compensated for by an increase in employment of skilled 
workers (the condition b,/c, > b1 /cl holds with the data 
used). Similarly, capital accumulation enhances skilled- 
worker employment to an extent that gives rise to an 
overall increase in y. 
Thus the model suggests that the effectiveness of policies 
designed to increase living standards depends critically on 
several features of the economy. The allocation of resources 
to capital formation or education and training may have 
beneficial or deleterious effects on the welfare of the poor, 
depending, among other things, on the state of technology 
in the particular economy under consideration; similar 
considerations apply to trade policy. The model hopefully 
provides clues to the interactions between these factors 
which can be useful, when coupled with detailed micro- 
studies, in formulating policies oriented towards the 
improvement of the economic condition of low income 
groups in both North and South. 
Simplified two-region trade model 
In this version of the model, the effects of various patterns 
of endogenously determined trade between two regions 
can be studied. Each region is represented by a system of 
equations similar to that described in the previous section, 
with the following modifications: 
(a) only one income group is incorporated in each region, 
i.e. no differentiation is made between labour of different 
skills; 
(b) only one type of consumer good is considered, i.e. 
basic and non-basic goods are aggregated together; 
(c) trade in the consumer and capital goods takes place, 
subject to the condition that each region has an overall 
trade balance and that, in equilibrium, prices of corre- 
sponding goods are equal in the two regions. Thus, supply 
does not necessarily equal demand in each of the regions 
separately. 
With these modifications, a simple analytic solution for 
the temporary equilibrium model can be derived, as follows. 
Ify is demand for the single consumer good A, the capital 
required is: 
K=(ytA=)Cr+(Itz=)Cs (7) 
where AT and IT are net exports in the consumer and 
investment goods respectively, cr and c3 corresponding 
capital/output ratios. Substituting for y from equation (7) 
in the labour demand equation: 
L = (y tAT)a, + (I + Pja, (8) 
gives :
L = -&z, - (I + IT)@& - a3q)} 
Cl 
which depends only on IT and given quantities. From the 
price equations: 
PI = 
pAC3 - f’%hC, -a3cl) 
Cl 
i.e. 
- = --l-{ocrc3 - Ka,D t (I tZT)D2) 
PI 
PA (YCf 
(11) 
on substituting IV’ = PA (L/a) and using equation (9), 
where : 
D =alc3 -e3cl 
We are focusing primarily on the determinants of increased 
consumption. Taking y from equation (7) using the balance 
of payments condition PA AT = -PIIT and substituting 
for Pr/r’, gives: 
y = i{IT1D2 - I=D [Kq 
(YCf 
-ID] -Zoc1c3 +Korc,} 
(12) 
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production involves the relatively intensive use of a scarce 
resource (capital) and is therefore not inconsistent with 
orthodox theory. 
However, the model does not imply that increased 
exports of the consumer good will necessarily generate 
sufficient foreign exchange to permit an increase in 
imports of investment goods. Choosin P = 1 and assuming 
balance of payments equilibrium P,A 1-I - PII*, where AE 
is exports of consumer goods, equation (11) gives: 
AE _ -(yc’ + a[c1c3 Kcv, I 
P;D2 PAD2 P,D ‘p, 
An equivalent expression is derived in Chichilnisky’ who 
uses it to show that under certain conditions export led 
development strategies may lead to a deterioration in their 
terms of trade; specifically, with c3 > cl, high investment 
and abundant labour (a! large), dAE/dP, < 0. 
Now, from equation (1 l), with PI = 1: . 
where the solution for IT with equal prices in each region, 
from equation (11) is: 
IT = 
- aSc;z{CxNc~c~ - KNayDN + INDN’> 
.s,f’DN= t (yNcy=DS2 
(13) 
where superscripts N and S refer to the Northern and 
Southern regions, respectively; for the Southern economy 
the sign of p is reversed. 
Now consider an economy which is a net importer of 
investment goods (IT < 0) and in which the labour/capital 
ratio is higher in the consumer sector than in the capital 
sector (D > 0). These conditions may provisionally be 
assumed to be representative of many developing countries. 
The question to be examined is the effect of the level of 
imports of investment goods on consumption under these 
conditions. 
From equation (12), consumption is reduced below the 
level obtained with zero trade if: 
where I’ = -IT > 0 is the quantity of investment goods 
imported. Let: 
II = PW’ - Ka,) 
D 
o<p<1 (15) 
Then, from equation (9), employed labour: 
L=I(Ka,-ID)(l-0) 
Cl 
whence if fi = 1, L = 0; this is clearly an inadmissible solu- 
tion, implying negative production in one of the sectors. 
More generally, if L1 is the labour employed in producing 
investment goods, 
LI=a3(I-I’)=a3 I(1-p)+8K+ 
( I 
and if LA is the labour employed in producing consumer 
goods, the supply of these goods is given by: 
AS-LA_L-Lr 
al al 
= &{Kn,c,(l - 0) - Kcla3 - Ic3(1 - p)D} 
1 
This is positive if and only if: 
Kal-ID > 
Kcla3 
c3u - P> 
Since the r.h.s. of this expression must be positive, this 
condition implies that Ka, > ID; in this case, however, 
equation (15) shows that net imports of investment goods 
are negative, contrary to the initial assumption. 
Hence, given that D > 0, meaningful solutions of the 
model suggest hat any level of net imports of investment 
goods raises consumption above the no-trade value, con- 
sumption reaching a maximum when total investment 
demand is satisfied by imports (I’ = I). This result implies 
that it is advantageous to import the good whose domestic 
PA = 
acf 
aclc3 - KalD + (I-Iz)D2 
dPA wfD2 -= 
dI’ (&c1c3 - Ka,D t (I- I’)D2}2 
which is always positive. Hence: 
dAE dAE dPA 
-= 
dI’ 
--<o 
dP, dI’ 
(16) 
if dAE/dPA < 0. Thus, if the conditions for deteriorating 
terms of trade are satisfied, increasing exports of consumer 
goods not only reduces their price relative to that of 
investment goods, but reduces it to the extent that total 
revenue obtained declines; fewer investment goods can be 
purchased despite the increase in exports. Hence under 
these conditions consumption y declines. 
Equation (13) can be used to provide some insight into 
the conditions required for this effect. With the simplifying 
assumption that DN = 0 (when consumption in the North, 
from equation (12), is unaffected by trade): 
dc~cf KSaf 
2 
II = 
CPcf cy 
-$- 
_- 
DS + Is - $Ds= 
Also, from equation (11) and PA AE = P#: 
dAE 
-<0 ifI’> 
osc;c; Is KSaf 
dI’ 
~++-- 
2Ds2 2 2Ds 
i.e. if: 
Q%fC; IS KSaf S’ N 
-----++---_- 
2Ds= 2 2Ds 
ffc1 c3 >. 
jjiy7 
I 
which can be satisfied if c$, (Y’ and Is are sufficiently 
large, the conditions cited by Chichi1nisky.l 
The three-sector, two-income group trade model 
In this section, we describe the results of attempting to link 
two economies, each described by the model discussed in 
the section on an isolated region and combined by a 
representation of trade similar to that used in the section 
on a simplified two-region trade model. The intention is 
to widen the discussion of the previous section by including 
a study of income distribution (by disaggregating labour 
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Table 2 Percentage change of different variables over 15 years for three runs of single-region North and South models 
South North 
‘Basic good’ 
Rate of 
‘Basic good’ 
Unskilled Unskilled consumption Rate of Unskilled 
Percentage change in: 
Unskilled consumption 
profit employment wages by unskilled GNP profit employment wages by unskilled GNP 
(1) Labour produc- 
tivity of both groups 
increasing at 2% p.a., 
no population growth 
or trade -18.5 38.7 37.0 91.4 80.5 45.7 2.9 1.8 32.1 
(2) Labour produc- 
36.8 
tivity of both groups 
increasing at 2% p.a., 
population increasing 
at 2% p.a., no trade 55.2 44.8 15.2 64.5 108.1 70.7 3.0 -22.6 30.8 
(3) Labour produc- 
38.3 
tivity of both groups 
increasing at 2% p.a., 
trade at 5% p.a., 
no population growth - 12.4 35.3 34.5 83.0 78.1 45.5 2.2 1.7 32.0 36.8 
into high- and low-income groups) and distinguishing 
between basic and luxury goods. 
AS will be described, methodological problems were 
encountered, first in deriving a solution to the model and 
secondly owing to its extreme sensitivity. These features, 
however, are of interest in themselves and teach us some- 
thing regarding the consequences of the assumptions in 
the model. 
The endogenous determination of trade in the model 
was carried out using an iterative process similar to that 
described for an isolated region, combined with a means 
of calculating trade subject to the equilibrium constraints 
of a balance of trade and equal prices of corresponding 
goods in two regions. There are many possible approaches; 
for example, the following sequence was attempted: 
(a) given initial values for wages in the South and for trade 
in the three goods, wages are recalculated for the South as 
in the section on the model representing an isolated region; 
(b) together with the rate of profit in the South, these 
wages are used to calculate wages in the North by equating 
price equations in the two regions; if IV is the vector 
[IV,, IV,, rPI] and P the vector [PA, Ps, PI] 
P=ASwS,ANwN or WN = (A~)-~A~@ 
where A is a matrix of technical coefficients; 
(c) on the basis of these values, trade is calculated in the 
North sub-model from the difference between supply and 
demand for the three types of goods, and the iteration 
procedure begins again. 
Unfortunately, with the data used to calibrate the two 
representative regions described in an earlier section, 
convergence was not obtained using this and similar 
procedures. 
In view of this, we experimented with various ‘tltonne- 
ment’ processes, which depend on the recalculation of a 
given quantity in terms of the deviation of another quantity 
from its known equilibrium value. For example, we require 
the equilibrium prices of non-basic goods to be equal in 
the two regions. Following an independent calculation of 
these prices in the two sub-models, trade may be recalcu- 
lated by modifying the previous value by a linear function 
of the price difference. When equilibrium is obtained, the 
price difference is zero and trade unaltered. 
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Ginsburgh and Waelbroeck l2 have discussed alternative 
tatonnement processes and compared their stability proper- 
ties. They show that in general these processes are not 
simultaneously stable; indeed, we found that convergence 
was not achieved with our data using the procedure 
outlined above. 
The following method, however, did prove to be success- 
ful. With the price of basic goods chosen as numeraire in 
both regions and with initial estimates of the prices of the 
two other goods, wages, rates of profit and labour supply 
are found using the equations given in the section on a 
model for an isolated region. Demand for basic and non- 
basic goods is calculated from the budget equations in 
each region. (Demand for investment goods is given exo- 
genously.) The supply of each of the three goods is calcu- 
lated by inverting the set of equations: 
for each region. 
Now treating the two regions in aggregate, the total 
surplus (or deficit) of each good is given by total supply 
minus total demand. In equilibrium this difference is zero 
by definition. Hence one would expect prices to tend 
towards their equilibrium values if reduced (increased) by 
a factor proportional to this surplus (deficit). The prices 
of non-basic and investment goods are so amended and 
the iteration begins again. 
The attainment of convergence, however, is no guar- 
antee that when sets of data for each of two regions are 
combined, plausible results will be obtained. Bearing in 
mind that we are interested only in ‘representative’ cali- 
brations, readjustment of units of measurement was 
carried out to ensure compatibility between the data sets; 
sensitivity analysis could then be carried out on the 
resulting model. Briefly, the procedure was as follows. 
Starting with the single-region model for the South, 
the matrix inversion procedure mentioned above was used 
to find wages and the rate of profit in the North for various 
sets of different technical coefficients, each set involving a 
slight variation from that used in the original calibration. 
A plausible group of values for wages and rate of profit 
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This table shows that as the (exogenously specified) 
supply of skilled workers is reduced, the North becomes 
an exporter of basic goods and an importer of luxury 
goods, while conversely net exports of basic goods from 
the South decline, and this region becomes a net exporter 
of luxury goods. These changes are accompanied by a 
decline in the price of luxury goods relative to basic and 
investment goods (PB = I), and a reduction in consumption 
ys of the unskilled group in the South. 
As can be seen, the changes in prices are small and those 
in trade large, as in other sensitivity runs. However,ys is 
significantly reduced by imposing the constraint on the 
supply of skilled workers. It was shown analytically at the 
end of the section on the model for an isolated region 
that decreasing exports of basic goods and increasing 
exports of luxury goods from the South tends to increase 
unskilled-group consumption at a given level of as, and 
also that, with the technical coefficients used, a reduction 
in as causes a reduction in ys at given levels of trade. The 
results presented above with endogenous trade suggest hat 
a reduction in HS gives rise to a change in trading patterns 
which tends to increasey”, but that this is not sufficient to 
overcome the ‘direct’ consumption reducing effect of the 
reduction in fi. 
were then selected and the corresponding set of technical 
coefficients adopted for the North. Then with prices, 
wages, trade (equal and opposite to that in the South) and 
profits specified, the single-region North model was 
amended to calculate consistent values for the labour 
supply coefficients (Y and 0. With the recalibrated Northern 
economy combined with the Southern, convergence to an 
acceptable solution was obtained with the iterative pro- 
cedure described above, the final data set is that shown 
in Table I. 
The resulting model was, however, rather unstable and 
very sensitive. Hundreds of iterations were required to 
achieve convergence, which was only obtainable when 
initial values close to the final solution were chosen. The 
sensitivity can be illustrated by the effects of increasing 
investment by high-income workers in the North by 0.5%; 
although most variables changed only marginally, trade in 
investment goods was reduced by 68%. Marginal changes 
in any input variable, such as investment or technical 
coefficients, are liable to qualitatively alter the pattern of 
trade and, if too large, can quickly lead to a nonsensical 
result such as negative production in some sectors. Sensi- 
tivity to changes in technical coeffici.ents appears to be 
even more dramatic. 
As can be seen from equation (16), the change in price 
associated with a change in trade varies as 1 /ol, implying that 
trade is highly sensitive to price if Q! is large. Thus the form 
of the labour supply equation assumed here may be largely 
responsible for the observed sensitivity, and alternatives 
are being tested. 
Two points of interest, however, do seem to emerge 
from runs of this model. In all runs where changes give 
rise to an increase in the price of both luxury and capital 
goods, implying a relative decline in the price of basic 
goods, exports of the latter from the South to the North 
are seen to increase. The data used thus fulfils the condi- 
tion for deterioration of terms of trade discussed with 
respect to the simple model by Chichilniskyl (1978) and 
mentioned in the previous section of this paper. Second, 
while changes of more than (at most) a few per cent in 
investment or in technical coefficients tend to give mean- 
ingless solutions in terms of negative production in some 
sectors while leaving low-income consumption (as measured 
byy) virtually unchanged, quite substantial changes in the 
available number of skilled workers are possible and change 
y markedly. In the standard run, the supply of skilled 
workers H is unconstrained and determined endogenously; 
below, some results of this run are compared with two in 
which this supply is fixed for the Southern region at lower 
values than that obtained in the standard run. 
PI A+ BTN 
Standard run 
0.905 728 1.160 166 30.1 -85.3 
ris 
(fi’ = 572) 
= 560 0.905709 1.160279 -11.4 -62.0 
P = 500 0.905 614 1.160835 -216.1 52.7 
Standard run 
(-fis = 572) 
AS = 560 
AS = 500 
50.0 2015.7 292.2 
62.4 2016.1 283.8 
123.2 2018.8 244.7 
Conclusions 
In this paper the primary focus of interest has been on the 
effects of changes in trade patterns, technology and factors 
of production on consumption, particularly that of poorer 
income groups. We have experimented with both exogenous 
changes in these variables, and with some representation of 
endogenous changes (such as capital accumulation via 
investment, and the equilibrium determination of trade). 
Results for representative calibrations have been presented. 
The purpose of this study was not to produce specific 
policy recommendations - the utility of the exercise lies 
in providing a framework for later detailed study of specific 
issues, such as the effects of trade on income distribution 
in particular regional contexts which are not considered in 
most global modelling projects. 
It is evident that the quality of much of the data rele- 
vant to the central variables and relationships in the model 
is comparatively poor, especially for developing countries. 
Data which are particularly poorly specified are those con- 
cerning the consumption and production of ‘basic’ goods, 
the ownership of capital and foreign investment. In par- 
ticular, empirical studies do not separate consumption and 
production into basic and non-basic components, although 
this situation is changing. For example, recent work on 
social accounting matrices (such as Pyatt and Round13) 
has provided data for a small number of developing 
countries in a form relevant to the model described here. 
Although one important outcome of this work is to add 
support to the suggestion that there are no universal solu- 
tions to the problem of development, it also demonstrates 
that when precise economic, social and technological con- 
ditions are specified policies consistent with satisfaction of 
basic needs can be constructed. There is thus the need for 
more detailed analysis. The implication of the results is 
also that most policies designed to raise the living standards 
of the poor are subject to reversals under certain economic 
and technical conditions. For example, if developing 
countries increase exports, the terms of trade may improve 
or deteriorate; or an increase in the capital stock may 
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worsen the distribution of income to the extent that the I 
poor are worse off in absolute terms. Our hope is that, 
in combination with more detailed studies of situations 
prevailing in specific countries, the macro-modelhng work 
described here will be a useful aid to understanding the 8 
nature of existing problems and help in determining 
strategies favourable to their solution. 9 
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